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Celecoxib modulates adhesion of HT29 colon cancer
cells to vascular endothelial cells by inhibiting
ICAM-1 and VCAM-1 expression

C Dianzani, L Brucato, M Gallicchio, AC Rosa, M Collino and R Fantozzi

Department of Anatomy, Pharmacology and Forensic Medicine, University of Turin, Torino, Italy

Background and purpose: Cyclooxygenase-2 (COX-2) is highly expressed during inflammation and can promote the
progression of colorectal cancer. Interactions between cancer cells and vascular endothelial cells are key events in this process.
Recently, the selective COX-2 inhibitor, celecoxib, was shown to inhibit expression of the adhesion molecules, ICAM-1 and
VCAM-1, in the human colon cancer cell line HT29 and to inhibit adhesion of HT29 cells to FCS-coated plastic wells. Here, we
evaluated the effects of celecoxib on adhesion of HT29 cells to human umbilical vein endothelial cells (HUVEC), mediated by
ICAM-1 and VCAM-1, to assess further the potential protective effects of celecoxib on cancer development.
Experimental approach: Celecoxib was incubated for 4 h with HT29 cells and HUVEC and adhesion was quantified by a
computerized micro-imaging system. Expression analysis of ICAM-1 and VCAM-1 cell adhesion molecules was performed by
western blot.
Key results: Celecoxib (1 nM–10mM) inhibited, with the same potency, adhesion of HT29 cells to resting HUVEC or to HUVEC
stimulated by tumour necrosis factor-a (TNF-a), mimicking inflammatory conditions. Analysis of ICAM-1 and VCAM-1
expression showed that celecoxib inhibited expression of both molecules in TNF-a-stimulated HUVEC, but not in resting
HUVEC; inhibition was concentration-dependent and maximal (about 50%) at 10 mM celecoxib.
Conclusions and implications: In conclusion, our data show that celecoxib inhibits HT29 cell adhesion to HUVEC and
expression of ICAM-1 and VCAM-1, in stimulated endothelial cells. These effects may contribute to the chemopreventive
activity of celecoxib in the development of colorectal cancer.
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Introduction

Colorectal cancer accounts for about 15% of human

malignancies and represents one of the most frequent causes

of death by cancer in Western countries. To date, the best

therapeutic option is surgical resection, but chemopreven-

tion before the occurrence of the malignant tumour is

receiving increasing attention as an attractive and plausible

approach (Herendeen and Lindley, 2003; Chun and Surh,

2004, Rao and Reddy, 2004).

Chronic inflammation is regarded as an important factor

in tumour promotion, and cell adhesion plays a key role in

both processes (Kobayashi et al., 2007), as migration of

inflammatory and tumour cells involves similar adhesive

mechanisms. As with leukocytes, attachment of cancer cells

to the vascular endothelium seems to be initiated by the

interaction between sialyl Lewis x, a surface carbohydrate,

expressed on several cell types including many tumour cells,

and E-selectin expressed on vascular endothelial cells

(Kannagi et al., 2004; Kobayashi et al., 2007) upon activation

by proinflammatory cytokines, such as tumour-necrosis

factor-a (TNF-a) or interleukin-1b (Gangopadhyay et al.,

1998; Kobayashi et al., 2007). After this initial interaction,

other cellular adhesion molecules are recruited to provide

firm adhesion. Intercellular adhesion molecule-1 (ICAM-1)

and vascular cell adhesion molecule-1 (VCAM-1) are mem-

bers of the immunoglobulin superfamily of proteins and play

a key role not only in trafficking of leukocytes across

endothelial and epithelial barriers, but also in tumour

metastasis formation (Neeson et al., 2003; Yamada et al.,
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2006). Clinical studies show elevated serum levels of soluble

VCAM-1 and ICAM-1 in melanoma patients (Schadendorf

et al., 1996; Franzke et al., 1998; Boyano et al., 2000) and

these levels correlate with tumour progression. Normal

epithelial cells lining the adult colon do not express

ICAM-1 and VCAM-1, but these molecules can be expressed

upon malignant transformation (Dippold et al., 1993; Vainer

et al., 2003; Taglia et al., 2007).

Intercellular adhesion molecule-1 is widely expressed at

low basal levels and is upregulated by inflammatory

cytokines in leukocytes and endothelial cells. It interacts

with several integrins mediating firm adhesion (Archelos

et al., 1999), but also with fibrinogen and hyaluronic acid.

VCAM-1 is not normally expressed on vascular endothelial

cells, but it is expressed after stimulation. It interacts with

the a4b1 integrin, also named very late antigen-4, and

participates in the firm adhesion of leukocytes to activated

endothelium. Moreover, it also transduces intracellular

signals in endothelial cells, triggering cell shape changes

and favouring leukocyte migration (Matheny et al., 2000).

These observations suggest that cellular adhesion molecules

may not be simple anchors for cell-to-cell interaction;

however, they may play a more active role in modulating

cell function and response (Zhou et al., 2007).

The link between inflammation and tumorigenesis can

explain why non-steroidal anti-inflammatory drugs have

been shown to inhibit malignant transformation in various

animal and in vitro models and to halt or regress tumour

growth in patients bearing colon polyps (DuBois and

Smalley, 1996; Winde et al., 1997; Fujimura et al., 2006;

Markowitz, 2007). These effects have been ascribed to

pharmacological blockade of COX, the dominant enzyme

in the metabolic pathway responsible for conversion of

arachidonic acid into prostanoids (DuBois et al., 1998). COX-

2 is constitutively expressed in colorectal carcinomas, and

experiments with human colorectal carcinoma-derived cell

lines showed that COX-2 expression modifies cell adhesion,

increases invasiveness, inhibits apoptosis and induces angio-

genesis (Tsujii and DuBois, 1995; Tsujii et al., 1997, 1998;

Elder et al., 2002; Wendum et al., 2004). Therefore, it is now

accepted that most of the chemopreventive effects of non-

steroidal anti-inflammatory drugs are predominantly sec-

ondary to COX-2 inhibition, although COX-1 also appears to

have a role in angiogenesis (Hilmi and Goh, 2006).

Chemopreventive treatment regimens are usually carried

out over long periods (months to years), and so determina-

tion of a reasonable benefit/risk ratio for this approach

is crucial. Long-term use of traditional non-steroidal anti-

inflammatory drugs, which inhibit both COX-1 and COX-2,

is associated with serious gastrointestinal side effects; on the

other hand, COX-2-selective inhibitors are currently under

critical investigation because of the increased risk of

cardiovascular side effects. These effects prompted Merck

and Pfizer to withdraw rofecoxib and valdecoxib, respec-

tively, from the pharmaceutical market (Grösch et al., 2006),

but the meta-analysis of Kearney et al. (2006) has shown that

there is only a moderate increase in the risk of vascular

events, comparable to those with high-dose regimens of

ibuprofen and diclofenac. Celecoxib is a selective COX-2

inhibitor drug and is the only non-steroidal anti-inflamma-

tory drug that has been approved by the Food and Drug

Administration for adjuvant treatment of patients with

familial adenomatous polyposis to date (Chun and Surh,

2004; Rao and Reddy, 2004; Grösch et al., 2006; Half and

Arber, 2006; Chan et al., 2007), but the molecular mechan-

isms of its chemopreventive action are poorly understood

and further experimental and clinical studies are needed.

The HT29 cell line, derived from human colon cancer cells,

has been widely used to study several aspects of intestinal

cell biology and cancer transformation (Chantret et al.,

1988). Recently, we have shown that celecoxib inhibited

adhesion of HT29 cells to fetal calf serum (FCS)-coated

plastic wells and expression of both ICAM-1 and VCAM-1 on

these cells (Gallicchio et al., 2008). The aim of this study was

to evaluate the effect of celecoxib on adhesion of HT29 cells

to human umbilical vein endothelial cells (HUVECs) and on

the expression of the adhesion molecules ICAM-1 and

VCAM-1 in HUVECs.

Methods

Cell cultures

The HT29 cell line was isolated from a colorectal adenocar-

cinoma in 1964 and is a widely utilized cell line that is

tumorigenic in nude mice, giving rise to well-differentiated

adenocarcinomas, comparable to colonic primary carcinoma

(grade 1). The HCT116 colon cancer cell line is also derived

from a colorectal carcinoma, but in contrast to HT29 cells,

does not express the COX-2 gene (both of them were kind

gifts from Emanuela Masini, Department of Preclinical and

Clinical Pharmacology, University of Florence). HT29 and

HCT116 cells were grown in culture dishes as a monolayer

in RPMI-1640 medium supplemented with 10% heat-

inactivated FCS (v/v), 100 U ml�1 penicillin and 100mg ml�1

streptomycin and maintained at 37 1C in 5% CO2 humidified

atmosphere. Cells were subcultured following enzymatic

digestion using trypsin/EDTA solution. In all assays, tumour

cell adhesion to nonstimulated HUVECs was between 2 and

10% of the total amount of tumour cells added.

HUVEC were isolated as described elsewhere (Jaffe et al.,

1973) and cultured on gelatin-coated culture dishes in

M199 medium supplemented with 20% heat-inactivated bovine

calf serum, 100 U ml�1 penicillin, 100mg ml�1 streptomycin,

5 IUml�1 heparin, 12mgml�1 bovine brain extract and 200mM

glutamine. HUVECs were utilized between passages 2 and 5.

Fluorescent labelling of HT29 and HCT116 cells

Commercial fluorescent cell linker kit PKH67 was used for

membrane labelling of HT29 and HCT116 cells. The whole

procedure was performed at 25 1C. Cells (2.5�105) were

washed with serum-free RPMI-1640. The cell suspension was

centrifuged at 259 g for 5 min to produce a cell pellet. The

supernatant was removed, leaving less than 25 ml medium

on the pellet. A 500 ml portion of diluent C was added to

resuspend the cells. The dye was diluted with diluent C to

4 mM immediately before staining. The cells in diluent C were

added rapidly to 500 ml of this dye solution. The cells and dye

were mixed by gentle pipetting. The mixture was incubated
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at 25 1C for 5 min. The staining process was stopped by

adding an equal volume of FCS and incubating for 1 min.

The stained cells were diluted with an equal volume of

complete culture medium, centrifuged at 259 g for 10 min

and washed at least three times. Then, the cells were

resuspended in fresh complete medium. The staining

efficiency was monitored by fluorescent microscopy.

Adhesion assay

HUVEC were grown to confluence in 24-well plates, washed

and rested for 1 day in M199 medium plus 10% FCS without

bovine brain extract. HT29 or HCT116 cells (7�104 cells per

well) were labelled as described above and plated in a final

volume of 0.25 ml M199 medium on HUVECs untreated or

pre-stimulated with 0.01 mM TNF-a for 20 h. Celecoxib (1 nM–

0.1 mM) was added simultaneously with HT29 or HCT116

cells and HUVECs and left in place for 4 h at 37 1C in 5%

CO2. Direct effects on HT29 cells were assessed by seeding

cells on 24-well HUVEC-free plates for 4 h at 37 1C in 5%

CO2, in the presence of 10 mM celecoxib. The plates had

previously been coated with heat-inactivated calf serum

for 3 h to reduce spontaneous adhesion to the plastic wells.

After incubation, nonadherent HT29 or HCT116 cells were

removed by washing three times (drop-to-drop) with 1 ml

M199 medium, as described by Laferrière et al. (2004). To

evaluate the effect of ICAM-1 on adhesion of HT29 cells

to HUVECs, HT29 cells or HUVECs were incubated with

5 mg ml�1 ICAM-1 and VCAM-1 monoclonal antibodies

(mAbs) for 30 min. The ability of this mAb to block adhesion

molecules in a selective way was previously tested in our

laboratory (data not shown), and the mAbs were used at

the concentration that demonstrated saturation in binding

assays and maximal inhibitory effects in adhesion assays, in

accordance with the instruction of the manufacturer. After

incubation, HUVECs were washed and incubated with HT29

cells, or HT29 cells were washed and incubated with HUVECs

for 4 h at 37 1C in 5% CO2.

The centre of each well was analysed by fluorescence

image analysis (Dianzani et al., 2003). Adherent cells were

counted using Image Pro Plus Software for micro-imaging

(Media Cybernetics, version 5.0). Single experimental points

were assayed in quadruplicate, and the standard error of the

four replicates was below 10% in all cases. Data are presented as

percentage inhibition versus the control value, control adhe-

sion being measured on untreated HT29 or HCT116 cells.

Cell incubation for western blotting analysis

To evaluate the time course of TNF-a on ICAM-1 and VCAM-

1 induction, HUVECs at confluence were treated with

0.01 mM TNF-a from time 0 to 20 h and cells were processed

every 4 h for protein extraction. The effect of celecoxib on

ICAM-1 and VCAM-1 expression was evaluated in HUVECs

pretreated with 0.01 mM TNF-a for 16 h and then incubated

with the drug at 0.1–10 mM for 4 h.

Western blotting

Cell dishes were washed with phosphate-buffered saline and

treated with ice-cold lysis buffer (20 mM Tris–HCl pH 7.5,

150 mM NaCl, 0.1% sodium dodecyl sulphate, 1% Triton

X-100, 1% sodium deoxycholate, 5 mM EDTA, 1ml ml�1

protease inhibitors, 0.1 mM ZnCl2 and 1 mM phenylmethyl

sulphonyl fluoride). Cell lysates were centrifuged at 11 093 g

for 20 min and the supernatant was recovered. The protein

concentrations were determined using a BCA protein assay,

following the manufacturer’s directions. HT29 cells and

HUVEC lysate samples containing 50 and 18 mg, respectively,

were analysed by sodium dodecyl sulphate-poly acrylamide

gel electrophoresis using an 8 or 15% gel. Proteins were

transferred to a polyvinyldene difluoride membrane and

then incubated with SuperBlock blocking buffer.

ICAM-1 and VCAM-1 proteins were detected following

incubation, respectively, with a rabbit or goat polyclonal

antibody diluted 1:200 in phosphate-buffered saline

containing 0.1% Tween 20 for 2 h at room temperature.

The secondary antibodies used were horseradish peroxidase-

conjugated donkey anti-rabbit IgG for ICAM-1 and horse-

radish peroxidase-conjugated donkey anti-goat for VCAM-1.

Secondary antibodies were diluted 1:10 000 in phosphate-

buffered saline containing 0.1% Tween 20 and incubated for

30 min at room temperature. To confirm the homogeneity

of the proteins loaded, the membranes were stripped and

incubated with b-actin mAb (1:5000) and subsequently

with horseradish peroxidase-conjugated sheep anti-mouse

IgG (1:10 000) both for 30 min at room temperature.

The membranes were overlaid with Western Lightning

Chemiluminescence Reagent Plus and then exposed to

Hyperfilm ECL film. Protein bands were quantified using

the software Gel Pro.Analyser 4.5, 2000. Single experimental

points were assayed in triplicate and at three different time

points.

Statistical analysis

Data are expressed as means±s.e.m. Statistical analysis

was performed with GraphPad Prism 3.0 software. One-way

analysis of variance (ANOVA) was performed, and Dunnett’s

multiple comparison was used to determine significant

differences between means. Pp0.05 was considered signifi-

cant. The molar concentration of a substance that reduces

response to the stimulus by 50% (IC50) was calculated with a

nonlinear regression model using Origin version 6.0 software

(Microcal Software, Northampton, MA, USA).

Materials

Trypsin was from Difco Laboratories Inc. (Detroit, MI, USA).

M199 (endotoxin tested), mouse mAb against b-actin,

protease inhibitors cocktail, green fluorescent cell linker kit

PKH67, heparin and TNF-a were from Sigma (Chemical Co.,

St Louis, MO, USA). RPMI-1640 and FCS were from GIBCO

BRL (Grand Island, NY, USA). Celecoxib was from Sequoia

Research Products Ltd (Pangbourne, UK). The BCA protein

assay and SuperBlock blocking buffer were from Pierce

Biotechnology Inc. (Rockford, IL, USA); polyvinyl-

dene difluoride was from Millipore (Bedford, MA, USA).

Rabbit polyclonal antibodies against human ICAM-1, goat

polyclonal antibodies against VCAM-1, and anti-mouse,

anti-goat and anti-rabbit immunoglobulin horseradish
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peroxidase-linked whole antibodies were from Santa Cruz

Biotechnology Inc. (Santa Cruz, CA, USA). Hyperfilm ECL

was from Amersham Biosciences Corp. (Piscataway, NJ, USA)

and Western Lightning Chemiluminescence Reagent Plus

was from PerkinElmer Life Science (Cetus, Norwalk, CT,

USA). Mouse mAbs against human ICAM-1 and VCAM-1

were purchased from R&D Systems (Minneapolis, MN, USA).

Gel Pro.Analyser 4.5, 2000 and Image Pro Plus Software for

micro-imaging (version 5.0) were from Media Cybernetics

Inc. (Leiden, The Netherlands). GraphPad Prism 3.0 software

was from GraphPad software (San Diego, CA, USA).

All the other reagents utilized were from Sigma.

Results

Effect of celecoxib on adhesion of HT29 cells to HUVECs

We evaluated the effect of celecoxib on HT29 cell adhesion

to primary cultures of HUVECs by coincubating both cell

types for 4 h with the drug (10 mM). Figure 1 shows that

celecoxib strikingly inhibited HT29 cell adhesion to HU-

VECs, inhibiting by 53±2% the number of adhering cells

(Po0.01; control adhesion of HT29 cells to HUVECs was

65±6 cells per microscopic field; Figures 1a and c; n¼15).

Figures 1b and d show that celecoxib also inhibited

HT29 cell adhesion to FCS-coated plastic wells, inhibiting

by 55±3% the number of adhering cells (Po0.01; control

adhesion of HT29 cells on FCS-coated plastic wells was

55±6 cells per microscopic field; Figures 1b and d; n¼5).

These results are taken from our earlier work (Gallicchio

et al., 2008) and are shown here for comparison of adhesion

to HUVECs or FCS-coated plastic wells. Therefore, the ability

of celecoxib to inhibit HT29 cell adhesion is at least partly

due to a direct effect on the HT29 cells.

The 4 h incubation time was chosen on the basis of time-

course experiments that showed that adhesion of HT29 cells

was detectable after 2 h and increased to a plateau at 4–6 h

(Figure 2a). We therefore chose 4 h of incubation for all

subsequent experiments. To assess whether inhibition was

concentration-dependent, the effects of celecoxib on HT29

cell adhesion to HUVECs were evaluated by coincubating

both cell types for 4 h with celecoxib over a range of

concentrations (1 nM–10 mM). The concentration–response

data revealed that the maximum inhibitory effect (about

55%) was reached at 10 mM (Figure 2b); the inhibitory effect

decreased at lower concentrations and was not statistically

significant at 0.1 mM.

Figure 1 Adhesion of HT29 cells to (a) human umbilical
vein endothelial cells (HUVECs) (60 cells) or (b) fetal calf serum
(FCS)-coated plastic wells (50 cells). HT29 cells were seeded for 4 h
onto monolayers of HUVECs. Attached cancer cells were visualized as
bright dots by fluorescent microscopy. The pictures are representa-
tive of 1 of 15 individual experiments. Inhibition of HT29 cell
adhesion to (c) HUVECs (30 cells) or (d) FCS-coated plastic wells (25
cells) induced by celecoxib. Celecoxib (10 mM) was coincubated with
HUVECs and HT29 cells for 4 h. The pictures are representative of
one of five individual experiments. Results with FCS-coated wells
(b and d) are from our earlier experiments (Gallicchio et al., 2008)
and are shown here for comparison.
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Figure 2 (a) Time course of HT29 cell adhesion to HUVECs. HT29
cells were incubated with HUVECs for 2, 4 or 6 h. (b) Effects of
celecoxib on HT29 cell adhesion to HUVECs. HT29 cells and HUVECs
were incubated with celecoxib (1 nM–10 mM) for 4 h (3mM histogram
is not shown). Data are expressed as percentage inhibition of control
adhesion, mean±s.e.m., n¼5. Asterisks mark statistically significant
inhibition of celecoxib versus control (*Po0.05, **Po0.01).
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In a smaller series of experiments, under the same

conditions as those using HT29 cells, the effects of celecoxib

on the adhesion of another colon cancer cell line, HCT116,

to HUVECs were assessed. We found that celecoxib (10 mM)

also inhibited adhesion of HCT116 cells (43±5% inhibition;

n¼5) to HUVECs.

Involvement of ICAM-1 and VCAM-1 in adhesion of HT29 cells

to HUVECs

Our static adhesion assay mainly detects firm adhesion

interactions such as those mediated by integrins, but cannot

detect the weak interactions mediated by selectins. There-

fore, candidate adhesion molecules possibly involved in

the interaction between HT29 cells and HUVECs are the

b2-integrin ligands ICAM-1 and VCAM-1 that are normally

expressed on HT29 cells (Zetter, 1993). Moreover, ICAM-1 is

also expressed by resting HUVECs. To confirm this expres-

sion pattern in our cell lines, we evaluated ICAM-1 and

VCAM-1 expression in resting HT29 cells and HUVECs by

western blot. Figures 3a and b show that expression of

ICAM-1 was similar on HT29 cells and HUVECs, whereas

VCAM-1 was weakly expressed on HT29 cells, but was almost

absent on resting HUVECs.

To investigate the actual role of ICAM-1 and VCAM-1 in

the adhesion of HT29 cells to HUVECs, we utilized mAbs

that functionally block these adhesion molecules (Figure 3c).

Experiments performed by preincubating HT29 cells or

HUVECs with a mAb blocking ICAM-1 showed that adhesion

of HT29 cells was clearly inhibited, demonstrating a direct
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Figure 3 (a) Intercellular adhesion molecule –1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) expression in resting HT29 cells
and HUVECs. Cells were processed for analysis by western blot and the results were measured by optical densitometry, normalized with respect
to b-actin; mean±s.e.m., n¼3. (b) Immunoblot of one experiment representing ICAM-1 and VCAM-1 expression in resting HT29 cells and
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HT29 cells or HUVECs and then further incubated for 4 h with HUVECs or HT29 cells. VCAM-1 mAb (5mg ml�1) was incubated for 30 min with
HT29 cells and then further for 4 h with HUVECs. Data are expressed as percentage inhibition of control adhesion, mean±s.e.m., n¼5.
Asterisks mark statistically significant inhibition of celecoxib versus control (*Po0.05, **Po0.01).
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involvement of this adhesion molecule in the adhesive

interaction between HT29 cells and HUVECs. The mAb

blocking VCAM-1 on HT29 cells showed a lower inhibitory

effect, demonstrating a lesser involvement of this adhesion

molecule.

Effect of celecoxib on HT29 cell adhesion and ICAM-1 and

VCAM-1 expression on TNF-a-stimulated HUVECs

Tumours are generally infiltrated with inflammatory cells, which

produce cytokines potentiating endothelial cell adhesiveness.

ICAM-1 and VCAM-1 expressions are increased in

HUVECs upon activation induced by proinflammatory

cytokines.

To assess the effect of celecoxib in an inflammatory

environment, we performed the adhesion assays using

HUVECs pretreated for 16 h with the proinflammatory

cytokine TNF-a, known to upregulate expression of several

adhesion molecules, such as P- and E-selectin, ICAM-1,

ICAM-2 and VCAM-1. The 0.01 mM TNF-a dose was selected

as suitable to produce optimal HT29 cell adhesion to

HUVECs (ten Kate et al., 2004). TNF-a-induced adhesion

was 189±8% of that detected on untreated HUVECs

(Figure 4a; Po0.01). Figure 4b shows the concentration-

dependent inhibition of celecoxib on HT29 cell adhesion to

stimulated HUVECs, and these effects were not significantly

different from those reported above for resting HUVECs.

Then, we assessed the effect of celecoxib on the expression

of ICAM-1 and VCAM-1 on TNF-a-activated HUVECs. The

time-course analysis of ICAM-1 and VCAM-1 expression

showed that TNF-a induced a strong upregulation of the

expression of both molecules, which achieved a maximum

between 16 and 20 h (Figures 5a and d). Celecoxib strongly

inhibited ICAM-1 and VCAM-1 expression on stimulated

HUVECs (Figures 5c and b). The inhibition was concentra-

tion-dependent, with the maximal effect at 10 mM for both

ICAM-1 and VCAM-1. Similar experiments performed on

unstimulated HUVECs did not detect any variation induced

by celecoxib on the expression of ICAM-1 and VCAM-1 on

HUVECs (data not shown).

Discussion

In colon cancer and adenomas, the high levels of COX-2

expression and the potential cancer-promoting role of its

product, PGE2, in epithelial tissues identified celecoxib as a

potentially chemopreventive agent (Psaty and Potter, 2006).

Reddy et al. (2000) demonstrated its efficacy during the

promotion/progression stage of colon carcinogenesis. This

suggests that celecoxib may potentially be an effective

chemopreventive agent for the secondary prevention of

colon cancer in high-risk patients with familial adenomatous

polyposis and sporadic polyps (Reddy et al., 2000; Hilmi and

Goh, 2006).

The interaction of cancer cells with vascular endothelial

cells is mediated by several adhesion molecules (Meyer and

Hart, 1998). The potential role of adhesion molecules has

undergone a major transition over the last years, as it has

become apparent that such molecules play a major role in

signalling from outside to the internal milieu of a cell,

thereby controlling how a cell is able (or not) to sense and

interact with its local environment (Cairns et al., 2003).

Here, we show that celecoxib inhibits the adhesive

interaction between HT29 colon cancer cells and vascular

endothelial cells. Our earlier finding that celecoxib also

inhibited adhesion of HT29 cells to FCS-coated plastic wells

indicates that the drug had a direct effect on these tumour

cells (Gallicchio et al., 2008).

The celecoxib-induced inhibition of HT29 cell adhesion to

HUVECs occurs also on the TNF-a-activated endothelium,

expressing increased levels of several adhesion molecules,

such as ICAM-1, VCAM-1, and also E-selectin and P-selectin.

This is an important point since microvascular endothelial
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TNF-a-stimulated HUVECs (*Po0.05, **Po 0.01).
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cells within and around the tumour are generally activated

by proinflammatory factors released by tumour-reactive

inflammatory cells or mediators released by tumour cells

(Laferrière et al., 2004). Moreover, significantly higher levels

of TNF-a were found in colon carcinoma than in normal

tissue (Kobayashi et al., 2007). Supernatants of colon

carcinoma cells increased the production of those cytokines

from blood mononuclear cells as well (Salman et al., 2000).

Thus, administration of those cytokines partially reconsti-

tuted the in vivo environment.

Khatib et al. (2005) also demonstrated that TNF-a pro-

inflammatory responses were tumour-specific and were

not observed with some nonmetastatic murine or human

carcinoma cells. Our experiments have been performed on

HUVECs, providing a simplified model to mimic the tissue

microvascular circulation involved in the interactions

with tumour cells (Laferrière et al., 2002, 2004). However, it

seems to be a suitable model since ten Kate et al. (2004)

demonstrated correspondence between HUVECs and

HMVEC-L (human microvascular endothelial cells of the

lung) in the expression of ICAM-1 and VCAM-1 in resting

cells. We have already shown (Gallicchio et al., 2008) that

treatment of HT29 cells with 10 mM celecoxib inhibited

ICAM-1 and VCAM-1 expression, with a statistically sig-

nificant decrease between 2 and 6 h. A maximal decrease in

expression was detected after 4 h, with about 50 and 40%

decrease for ICAM-1 and VCAM-1, respectively. Concentra-

tion–response experiments also demonstrated that the effect

was concentration-dependent and statistically significant

in the range 1–10 mM. In our experimental system, indeed,

adhesion inhibition fits with the inhibitory effect of

celecoxib on expression of ICAM-1 and VCAM-1 by both

HT29 cells (Gallicchio et al., 2008) and activated HUVECs. By

contrast, no inhibition of the expression of ICAM-1 and

VCAM-1 was detected on resting HUVECs, as they expressed

low levels of ICAM-1 and minimal levels of VCAM-1. The

change in ICAM-1 and VCAM-1 expression is likely to play

an important role in the inhibition of adhesion mediated by

celecoxib, as ten Kate et al. (2004) showed that HT29 cells

bind endothelial cells through LFA-1 expressed on HT29

cells interacting with ICAM-1 expressed on HUVECs. This

possibility is supported by our experiments with specific

mAbs blocking ICAM-1 of HT29 cells or HUVECs and

VCAM-1 of HT29 cells, demonstrating the involvement of

these cellular adhesion molecules in HT29 cell adhesion.

There is no evidence that HUVECs express integrins able to

bind ICAM-1 and VCAM-1 present on HT29 cells; however,

ICAM-1 can also bind to fibrinogen and hyaluronan, which

may be involved in HT29 cell adhesion to both HUVECs and

FCS-coated plastic wells.
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Our data do not rule out that other molecular interactions

may also be involved in the effect of celecoxib on cell

adhesion. For instance, ten Kate et al. (2004) showed that

binding of HT29 cells to endothelial cells also involves the

interaction of E-selectin on HUVECs and sialyl Lewis x on

HT29 cells. However, this is a dynamic adhesive interaction

that was not detected by our experimental system assessing

static adhesion only. Moreover, the HT29 cell adhesion to

FCS-coated plates might involve also avb5, which is the

vitronectin receptor on HT29 cells, but this interaction

seems not to be involved in HT29 cell adhesion to HUVEC

(Laferrière et al., 2004).

A different point is that the effect of celecoxib might be

partly mediated by inhibition of cellular adhesion molecules

signalling that can modulate cell adhesion, via inside-out

signalling. Indeed, binding of colon carcinoma cells to

endothelial cells increases tyrosine phosphorylation of

several proteins and leads to activation of the p38 mito-

gen-activated protein kinase. We have already shown that

activation of this mitogen-activated protein kinase in HT29

cells was inhibited by celecoxib (Gallicchio et al., 2008).

The quantitatively similar adhesion inhibition exerted by

celecoxib on resting and activated HUVECs suggests that the

maximal inhibitory effects were reached, as also supported

by the observation that higher doses of celecoxib (30 or

100 mM; data not shown) did not induce greater inhibition.

The relatively high concentrations of celecoxib needed to

inhibit adhesion is intriguing as they were well above those

needed to selectively inhibit COX-2, which is expressed in

HT29 cells. This finding suggests that the mechanism

activated by celecoxib may not be solely dependent on

COX-2. This possibility would be supported by our experi-

ments showing that 10 mM celecoxib also inhibited adhesion

to HUVECs of HCT116 cells, a colon cancer cell line not

expressing COX-2, but expressing ICAM-1 and VCAM-1

(Cianchi et al., 2004; Corvaisier et al., 2005). On the contrary,

a possible role of COX is suggested by the preliminary

finding that other drugs inhibiting COX-2 and/or COX-1 are

able to inhibit cell adhesion, to a lower extent (rofecoxib and

indomethacin; data not shown), which is in agreement with

the results of De Menezes et al. (2005), who showed that rats

pretreated with celecoxib, rofecoxib or indomethacin dis-

played a reduced leukocyte migratory response.

In conclusion, this work shows that celecoxib can inhibit

the adhesive interaction of HT29 colon cancer cells with

HUVECs, possibly by inhibiting expression of adhesion

molecules. These findings confirm that this drug might be

used as a chemopreventive agent for the secondary preven-

tion of colon cancer in high-risk individuals, such as patients

with familial adenomatous polyposis or sporadic polyps, and

give new insights into its molecular mechanisms of action.
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